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Electron Diffraction Analysis 


By L. H. GERMER 
Physical Research 


HEN a stream of electrons 

falls upon a crystalline 

material, most of the elec- 
trons are scattered in certain definite 
directions as sharply defined beams, 
or cones, or plane sheets. If one inter- 
cepts the scattered electrons by a 
photographic plate a pattern is re- 
corded which ccnsists of spots, or 
curves, or straight lines, or of combi- 
nations of these. This phenomenon, 
which was discovered about nine years 
ago,* is explained by assuming that 
beams of electrons have the properties 
of trains of waves. The waves of the 
incident train are scattered by the reg- 
ularly arranged atoms in the crystals 
of the target, and the beams and cones 
which issue from the target are formed 

*Recorp, April, 1927, p. 257. 
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by constructive interference among 
the secondary scattered wavelets. 

It was probably fortunate for those 
who discovered this phenomenon that 
the diffraction of X-rays by crystals 
had been discovered fifteen years 
earlier. The characteristic features of 
crystal diffraction were recognized at 
once in the patterns produced by elec- 
trons, and there was at hand a vast 
amount of information concerning the 
arrangements of atoms in crystals, 
which X-ray analysis supplied, and 
which could be used to test the hy- 
pothesis that electrons are waves and 
to determine their wave-lengths. From 
another point of view the earlier dis- 
covery of X-ray diffraction by crys- 
tals might be regarded as unfortunate 
for those studying electron diffraction 
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and seeking ways of employing it, 
since most of the easy problems in 
crystal analysis had been solved dur- 
ing the fifteen years which elapsed be- 
tween the two discoveries. 

I: happens, however, that the anal- 
ysis of crystal structures by X-ray 
and by electron diffraction are not 
just two means of getting the same 
information. The field in which elec- 
tron studies are useful is to a large 
extent different from that in which 
X-rays can be applied. Because of the 
well-known penetrating power of 
X-rays they are suitable for investi- 
gating the crystalline state of rather 
bulky specimens. Such specimens are, 
in fact, required because the great 
penetrating power is associated nat- 
urally with feeble scattering. Unless 
the specimen is rather thick the dif- 
fraction pattern is so excessively weak 
that it is useless. With 
electronsconditions are 
quite different, because 
they are a million 
times more strongly 
scattered than X-rays. 
It turns out that they 
are of no use for study- 
ing the interior of thick 
specimens, but are pre- 
eminently suited to the 
investigation of very 
thin foils or of very 
thin layers upon the 
surfaces of bulky ma- 
terials. Neither of these 
can be investigated by 
X-ray methods. At the 
present time many 
problems of surface 
chemistry are being 
studied by electron 
diffraction, among 


which are problems in Fig. 1—K. H. Storks of the Research Department adjusting 
catalysis and in the (the camera preparatory to making a photographic record of an 


corrosion of metals. 
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Although the technique of electron 
diffraction analysis is not as yet very 
well standardized, certain features of 
the experimental method are in fairly 
general use. Electrons from the cath- 
ode of a gas discharge tube or from a 
hot tungsten filament are accelerated 
by a potential difference of several 
tens of kilovolts. The crystalline ma- 
terial under investigation is bom- 
barded by these electrons, and those 
scattered from it strike a photo- 
graphic plate and record the diffrac- 
tion pattern directly upon it. The 
technique differs from that of X-ray 
diffraction chiefly on account of the 
necessary vacuum. In the case of 
X-rays the beam has its origin in 
vacuum but is diffracted in air, 
whereas with electrons the beam is 
diffracted and the pattern is recorded 
in the same evacuated chamber in 


electron diffraction pattern 
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Fig. 2—The filament end of the camera. 

The filament is maintained at a potenttal of 

50 or 60 kilovolts negative to ground. The 

transformer, rectifier, and filter which sup- 

ply the high negative potential to the filament 
are shown in the headpiece 


which the electrons are generated. 
The entire apparatus in which this is 
carried out may be appropriately 
termed ‘‘an electron diffraction cam- 
era” and is shown in Figures 1 and 2. 

The drawing (Figure 4) represents 
a cross-section of the camera which is 
at present in use in these laboratories. 
It is contained in a large exhausted 
chamber made up of copper tubings 
which are soldered and bolted to- 
gether. During operation this chamber 
is exhausted continuously by means 
of a mercury diffusion pump. Within 
the chamber is a tungsten filament, a, 
which serves as the source of electrons. 
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These are accelerated by a potential 
difference of fifty or sixty kilovolts be- 
fore reaching the small openings, 8B 
and s’, which define the electron 
beam sharply. Also, within the cham- 
ber, is an adjustable holder, c, for the 
material which is studied, and finally 
the photographic plate, p, upon which 
the diffraction record is formed. This 
plate can be raised and lowered so that 
several exposures can be made on it, 
and the plate can also be moved en- 
tirely out of the way. In this latter po- 
sition the electrons strike a fluores- 
cent screen, E, which seals one end of 
the chamber and is used to adjust the 
apparatus preparatory to taking a 
photographic record. 

The various parts are adjusted 
within the exhausted chamber as in- 
dicated in Figure 4. Most of the ad- 
justments are made through flexible 
copper bellows of the type used in 
steam pressure gauges and in high 
grade vent valves and shut-off valves. 
Through these so-called sylphon bel- 
lows one is able to transmit mechani- 
cal motions to movable parts within 
the apparatus, without the danger of 
air leakage. The pinholes, B and 3’, 
each about 0.1 mm. in diameter, are 
adjustable both horizontally and ver- 
tically by means of such bellows. An- 
other bellows enables the operator to 
rotate the specimen holder c about a 
vertical axis, and still another is used 
in moving the photographic plate. 

Examples of diffraction patterns 
produced in this camera, and chosen 
to show widely different types of pat- 
tern, are exhibited in Figure 5. The 
first seven of these photographs were 
produced by single crystals. Numbers 
eight and nine are patterns from single 
crystals upon the surface of each of 
which there exists some poly-crystal- 
line material. The last three were pro- 
duced by masses of small crystals. In 
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Fig. 3—Diffraction patterns from oriented layers of stearic acid molecules 


all cases the electron wave-length was 
about 5.4 X 10 cm. 

The prints of Figure § illustrate 
some of the complexities of electron 
diffraction phenomena. For example, 
prints 1 and 2 were both produced by 
electrons passing through thin crys- 
tals of mica, the only significant ex- 
perimental difference being in the 
thickness of the crystal. The crystal 
from which print 2 was obtained is 
several times thicker than that which 
produced print 1. Prints 3 and 4 were 
made by electrons scattered from the 
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surfaces of single crystals of copper 
oxide, the only important difference 
being in the orientation of the crystal. 
Polycrystalline sheets of this same 
substance gave the patterns of prints 
10, 11 and 12. In to the crystals are 
randomly oriented. In 11 the surface 
has become largely covered by crys- 
tals of a new sort which have very 
marked preferential orientations. In 
12 the surface consists of relatively 
few crystals, and these are disposed so 
that they exaggerate the effect of 
another phenomenon which is very 


Fig. 4—Longitudinal cross-section of the electron diffraction camera 
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diffraction patterns 


5—Examples of electron 


Fig 
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similar to optical refraction. Prints 
5, 6 and 9 were produced by a crystal 
of carborundum. In g we see the pat- 
tern of randomly oriented crystals of a 
diferent sort superposed upon the 
carborundum pattern. The entire pat- 
terns of prints 7 and 8 are due to the 
mineral galena. The former shows the 
effect of extreme “imperfection” of 
orientation of the surface layer of the 
galena crystal. The crystal which pro- 
duced the latter had been roughened 
in such a way that a very thin layer of 
randomly oriented galena crystals was 
superposed upon the underlying single 
crystal. The print shows the pattern 
of these randomly oriented crystals as 
well as the pattern of the single under- 
lying crystal. 

To one familiar with X-ray diffrac- 
tion, print 10 has a thoroughly famil- 
iar appearance, as have portions of 


prints 8 and 9. The sort of preferential 
orientation indicated by print I1 is 
well known in X-ray studies, but the 
marked perfection of orientation shown 
here is quite new. Straight lines in 
some of the other prints show vague 
similarities to the results of experi- 
ments with gamma rays performed by 
Rutherford and Andrade in 1914 and 
to later experiments with X-rays. For 
the most part, however, the phenom- 
ena exhibited by these prints have no 
accurate counterparts in X-ray in- 
vestigations. The electron phenomena 
are much more complex, and in most 
cases the interpretation is more diffi- 
cult; but the amount of information 
which it is possible to obtain by means 
of electron diffraction is more ex- 
tensive, and as a result is likely to be 
of greater importance both to tech- 
nology and to science. 


The Franklin Gold Medal has been awarded by The 
Franklin Institute to Dr. F. B. fewett, President of Bell Tele- 
phone Laboratories, “In recognition of his many important 
contributions to the art of telephony, which have made 
conversation possible not only from coast to coast, but 
from this country to the other side of the world—contribu- 
tions of which some were made by him alone, and some by 
him in collaboration with other workers in the great lab- 
oratory of research which he organized and which he has 
directed with such signal success.” 
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POO 
Paint Films of Controlled Thickness 


By H. G. ARLT 
Chemical Laboratories 


N the preparation of paint films for 

test purposes control of the thick- 

ness and uniformity of the coatings 
applied to the test panels is of extreme 
importance since the value of the re- 
sults of exposure, corrosion, and phys- 
ical property tests depends so largely 
on the duplicability of the films and 
their relation to the coatings applied 
in actual use. 

Studies in the Laboratories show 
that coatings prepared by brushing 
may vary in thickness several hun- 
dred per cent under the same condi- 


Fig. 1—The spray gun is moved automatically at a uniform 
rate over the panel to be finished. H.C. Theuerer is the operator 
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tions and as much as one hundred per 
cent over a single surface even when 
applied by an experienced operator. 
Hand spraying gives somewhat more 
uniform results but still shows ob- 
jectionable variations in thickness and 
uniformity. To obtain improved con- 
trol the Laboratories has recently de- 
veloped an automatic spraying device 
which may be used to apply organic 
coatings of all types. 

It has been the custom in the past 
to prepare panels intended for expos- 
ure or other tests largely by brushing 
and spraying. More re- 
cently such test panels 
have been made by 
spinning. The proced- 
ure in this case is to 
pour the coating ma- 
terial on a panel which 
is rotated rapidly in a 
horizontal plane. By 
controlling the speed 
and time of rotation, 
and the consistency of 
the finishing material, 
coatings which are uni- 
form within 0.0001 
inch over the entire 
area except within per- 
haps 0.25 inch of the 
edge of the panel can 
be obtained. This 
method of application 
is limited to single 
coats except for ma- 
terials in which the 
solvent action of the 
second coat does not 
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soften the first coat 
and cause a secondary 
flow. Also, it is not pos- 
sible by this procedure 
to produce uniform 
coatings of finishing 
materials which con- 
tain heavy pigments 
since radial striations 
usually occur in the 
film as a result of the 
centrifugal forces that 
are exerted by spin- 
ning on the heavy pig- 
ment particles. 

The automatic 
spraying machine de- 
veloped by the Lab- 
oratories overcomes 
these limitations. It 
employs a spray gun 
of standard type which 
is mounted so that it 
moves at a uniform 
rate past the panel to be finished. 
The panel lies on a levelled horizontal 
surface and the spray gun travels back 
and forth above it on a reciprocating 
carriage which is motor driven. The 
width of spray emanating from the 
gun is set at about five inches at the 
panel level by adjusting the vertical 
arm on which the gun is mounted, but 
only the central three-inch portion of 
this spray fan is ordinarily used. The 
speed of travel of the gun can be 
changed easily and quickly by chang- 
ing gears. The entire arrangement is 
mounted on a portable table so that it 
may be located in front of a spray 
hood to remove objectionable fumes. 

There is a straight line relation be- 
tween film thickness and the speed of 
travel of the spray gun with given 
spray conditions and consistency of 
material. The usual procedure is to 
depend on changes of gun speed to 
control the thickness of the film. The 
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Fig. 2—Several panels can be sprayed simultaneously 


selection of the speed of travel re- 
quired to give the film thickness de- 
sired within 0.0001 or 0.0002 inch can 
be found by making a single prelimi- 
nary trial to determine the thickness 
of deposit obtained at a known speed. 
The automatic spraying machine is 
constructed so that a number of 
panels can be sprayed at the same 
time. This is of particular advantage 
in cases where it is desired to prepare 
a series of panels with coatings of dif- 
ferent thicknesses of the same finish- 
ing material. In such cases, it is custo- 
mary to spray a row of panels and re- 
move one after each pass of the gun. 
The development of the automatic 
spray device for preparing uniform 
organic films for test purposes has not 
only been of value in facilitating 
studies of finishes with respect to 
thickness but has decreased the ex- 
pense of preparing test films by ap- 
proximately seventy-five per cent. 
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Testing Problems 


in Outside Plant 


Development 


By O. B. COOK 
Outside Plant Development 


O guard against failures in 
service, the materials used in 

the construction of aerial and 
underground telephone plant must be 
subjected in their development stages 
to thorough mechanical tests which 
are designed to reproduce as far as 
possible the conditions to be encoun- 
tered in service. Because of the varied 
shapes and sizes of outside plant ma- 
terials and the conditions of their use, 
such testing presents many problems. 
The first consideration in testing 
outside plant materials is the pro- 
vision of adequate equipment to ob- 
tain the required data on articles 
which range in size from small nails to 
assemblies of structural shapes. It has 
been found that most of the testing 


218 


can be done in the laboratory on an 
Amsler hydraulic testing machine of 
30,000 pounds capacity. In some in- 
stances, however, it is impossible, due 
either to limitations of size or to com- 
plexity of attachments, to reproduce 
the required loading conditions in this 
machine. For such work the field lab- 
oratory at Chester, New Jersey, fur- 
nishes facilities for simulating service 
construction and loading to whatever 
degree of accuracy is desired. In other 
cases the utility of a material depends 
upon its performance over a period of 
time so that testing takes the form of 
trial service in the plants of the Oper- 
ating Companies. 

Storm guy straps are products 
which can be put to realistic test on an 
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Amsler machine. These straps are 
used in guying the poles of open-wire 
lines in areas exposed to heavy storms. 
They are metal straps which are at- 
tached to the pole by a bolt at the 
bottom and a screw at the top. The 
pull of the guy strand on the strap 
tends to bend the bolt and screw and 
to crush the timber under them. To 
measure the effect of the pull, it is 
necessary to approximate the field 
loading by mounting a pole section in 
the Amsler machine at the minimum 
angle to be expected (Figure 1). 

A similar set-up is used for testing 
the attachments which support aerial 


Fig. 1—Storm guy straps used on telephone 
poles are tested under service load conditions 
by mounting them on a section of a pole held 
at an angle in an Amsler testing machine 
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Fig. 2—The strengths of steel crossarms and 
attaching bolts are determined by mounting 
them on a pole section in the Amsler ma- 
chine. The braces are removed before testing 


cable where there is a change in direc- 
tion and the resultant of the weight of 
the cable and the pull of the suspen- 
sion strand is at an oblique angle to 
the pole. 

Steel crossarms are used for sup- 
porting four cables on poles. They and 
their attachment to the pole must 
withstand the total weight of the 
cable and the ice which forms on it in 
severe storms. How the testing ma- 
chine is set up to determine both the 
resistance of the crossarms to bending 
and the strength of the attaching 
bolts when subjected to this vertical 
load is shown in Figure 2. 

The transposition of open-wire lines 
at regular intervals to provide satis- 
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Fig. 3—The effect of the complex load ap- 

plied to transposition brackets, used where 

open-wire lines are transposed, is deter- 

mined by reproducing the entire field instal- 
lation in the testing machine 


factory transmission requires brack- 
ets, one type of which is of particular 
interest from a testing standpoint. 
This is the “point phantom transposi- 
tion bracket,” which permits at one 
pole crossovers for the wires of two 
pairs in any of the four possible ways. 
These transpositions place eight dif- 
ferently directed loads on the bracket 
and the only feasible way to deter- 
mine their total effect is to reproduce 
the entire field installation of wires in 
the testing machine. This method is 
shown in Figure 3. 

The ordinary telephone subscriber 
probably does not ever see or realize 
the presence of two small devices 
which play a vital part in bringing his 
line to him and maintaining its posi- 
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tion. These are masonry anchors 
which consist merely of a nail or: 
screw and an expanding shell. They 
are used in securing to brick and 
masonry walls other devices which in 
turn carry the wire. The expansion 
shell is set in a drilled hole; and then 
driving the nail into it or turning the 
screw in its soft metal expands it and 
develops frictional resistance against 
removal. Comprehensive tests must 
be made on these anchors in all types 
of brick and masonry to insure their 
satisfactory performance; and again 
the Amsler machine supplies this in- 
formation. The problem involves 
mounting in the machine, as shown in 
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Fig. 4—A horizontal iron pipe is used to 
prevent the guy strand from interfering 
with the right-of-way 


March 1936 


* 4 i 
i 
: = 
| 


Fig. s—Sidewalk guy fixtures, used where clearance above sidewalks is required, are 
tested at the Chester field laboratory by mounting them on poles supported horizontally 
close to the ground for convenience of measurement 


the illustration at the beginning of 
this article, blocks of brick and 
masonry, representing walls of suf- 
ficient surface area to permit a num- 
ber of individual tests to be made on 
each block. A special gripping device 
was designed for applying a pull to 
the head of the nail or of the screw. 
The grip attaches to the chain shown 
in the picture. In some instances 
where the article to be attached pulls 
at an angle upon the expansion 
anchor, the assembly is tested with the 
load applied as in service. 

Masonry screw anchors as well as 
wood screws require a muscular ef- 
fort to install them which must not be 
beyond the capability of the installer. 
It is therefore necessary to determine 
just what torques are involved before 
approving such articles. The device 
employed for obtaining this informa- 
tion is illustrative of the special tools 
which must sometimes be developed 
for outside plant testing. It consists of 
a long screw-driver, the elastic de- 
formation of which in torsion is 
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measured on a dial gauge. As the 
screw is turned in, the dial gauge is 
read; and the values obtained are con- 
verted by calibration into pounds-feet 
of turning effort. 

The guying of overhead lines to 
balance the forces acting on them at 
corners and at dead-ends cannot al- 
ways be accomplished in the custo- 
mary manner by running guy strand 
from the top of the pole directly to an 
earth anchor in the ground. Where in- 
sufficient space or right-of-way diffi- 
culties necessitate, the strand is 
brought down from the top of the pole 
to the outer end of a steel pipe and 
thence vertically downward to an 
earth anchor, thus maintaining the 
desired clear space between pole and 
anchor. This assembly, however, must 
have the same strength as the usual 
construction. Since the length of pipe 
(Figure 4) required may be as much as 
twelve feet, it is not feasible to set up 
a pole, a pipe and the strand assembly 
in the Amsler machine. Such a set-up 
requires a field laboratory. At Chester, 
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Fig. 6—Earth anchors of the screw type used in guying poles in sand and swamp land 
are tested by measuring the torque required to force them into the ground 


therefore, tests are made on these 
“sidewalk-guyed” poles to determine 
the effects on the various parts of the 
assembly. To simplify the equipment 
and minimize labor the plane of the 
pole-pipe assembly is set horizontally. 
The butt of the pole is supported in a 
crib and force is applied to its top. 
In its motion the top of the pole is 
carried on a trolley which runs on a 
wooden platform. Figure 5 shows the 
essential features and the device for 
measuring the bow of the pipe under 
compression. 
Since neither end of the pipe is 
fixed with respect to the crib, it is im- 
possible to measure the deflection by 
-an instrument set on the ground. 
Further, the direction in which the 
pipe will deflect cannot be predicted. 
Accordingly, a pair of wires held taut 
by springs is arranged to extend be- 
tween iron brackets at the ends of the 
pipe and to be parallel to the pipe if it 
is not deformed. A rod joined to the 
wires at the center of the pipe carries 
an index point which is accurately 
centered on a circular target fastened 
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to the pipe. Deflection of the pipe 
under load is then readily determined 
by observing the movement of the 
target under the index point. 

The rings used to support cable on 
suspension strand afford another il- 
lustration of the testing work which 
can be readily accomplished at the 
Chester Laboratory. In service, the 
assembly of cable, rings, and strand is 
subjected to the action of wind and 
other forces which combine to pro- 
duce a vibratory motion of low fre- 
quency that may ultimately result in 
the cable sheath wearing or cutting at 
the rings. This “‘ring-cutting,” if al- 
lowed to become excessive, entails 
considerable maintenance expense on 
the cable. An accelerated test on two 
spans of cable at a time was set up at 
Chester. The cables were swayed by 
an electric motor acting through a 
walking-beam and a fabric strap 
which embraced the cables. Inspec- 
tion of the cables from day to day 
yielded information on the compara- 
tive merits of various types of rings 


designed for this purpose. 
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The earth anchors used in guying 
pole lines represent a type of product 
most satisfactorily tested under actual 
service conditions. Anchors are tested 
in the type of soil in which they are to 
be used; and a location is usually se- 
lected which has soil of minimum 
holding power. Recently, tests have 
been made on anchors of the screw 
type which are used in sandy soil or 
in swamp land where it is impossible 
to dig a hole. These consist of one turn 
of a helix mounted on a rod or length 
of pipe, and are turned into the 
ground by means of a suitable wrench. 
In testing them there are determined 
the torque required to screw them 
into the ground and their ultimate 
strength in torsion. The device shown 
in Figure 6 was developed for this 
purpose; it consists of an arm at- 
tached to the anchor pipe and con- 


nected through a series dynamometer 
to other arms on which the turning 
load is applied by hand. With the aid 
of this measuring instrument, com- 
parative data which suggested im- 
provements in design and method of 
installation were obtained on a va- 
riety of makes of anchors. 

All the tests which have been de- 
scribed in this article are concerned 
with mechanical and structural prob- 
lems of outside plant equipment and 
particularly with the simulation of 
conditions encountered in service. Co- 
ordinated with such tests are all the 
considerations of design and of chemi- 
cal, metallurgical, and electrical as- 
pects of the equipment in the study 
of which the Outside Piant Depart- 
ment has the benefit of the codper- 
ation and advice of the other depart- 
ments of the Laboratories. 


Western Electric 20-type radio receiver developed by the Laboratories to provide a light, 

compact set of extreme selectivity for use in small aircraft. The receiver is designed for 

either remote (shown above) or local control and is provided with four frequency bands 
covering a range from 200 kilocycles to 10,000 kilocycles 
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Direction of Motion of Oscilloscope Spot 


By J. R. HAYNES 
Physical Research 


HE moving spot of light which 

generates the characteristic 

fluorescent patterns in a cath- 
ode ray oscilloscope is usually vibrat- 
ing so rapidly that it is impossible for 
the eye to detect its instantaneous di- 
rection of motion. It is sometimes 1m- 
portant, however, in experimental 
work that this direction be definitely 
known. This was the case recently in a 
study of mechanical hysteresis in 
microphone transmitters and on ac- 
count of the special conditions which 
had to be met it was found necessary 
to devise a new method for determin- 
ing such directions of motion. 

A simple gas tube relaxation oscil- 
lator like that shown diagrammati- 
cally in Figure 1 was constructed. This 
operates by gradually building up a 
potential difference across the con- 
denser C until the critical breakdown 
voltage of the tube is reached at which 
time the condenser discharges. By 
properly choosing the values of r and 
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c the condenser can be made to charge 
and discharge at rates varying from 
one to 20,000 times per second. If the 
output of such an oscillator is con- 
nected to one axis of a cathode ray 
oscilloscope and the other axis is made 
a time sweep circuit a saw-toothed 
wave like that shown in Figure 2 re- 
sults. The saw teeth which are caused 
by the sudden increase of voltage 
across R when the condenser c dis- 


Fig. 1—A gas tube relaxation oscillator, 
shown here diagrammaticall,, is used to 


_ provide a rapid succession of timed pulses 
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charges and the subsequent slow de- 
crease as it charges again may be 
thought of as arrows pointing in the 
direction of motion of the spot. Thus 
if it is desired to measure the direction 
of motion of the cathode ray spot in 
any cathode ray oscilloscope figure it 
is only necessary to connect the relax- 
ation oscillator, tuned to the appro- 
priate frequency, through suitable 
high resistance leads r; and ra, Figure 
1, and superpose the saw tooth wave 


Fig. 2—A saw-toothed wave-form is ob- 
tained when the output of the oscillator is 
connected to a cathode ray oscilloscope with a 
time sweep axis. The serrations point in the 
direction of motion of the oscilloscope spot 


> 
DIRECTION OF SPOT 


on the figure in question. It has been 
found that a Western Electric 256A 
vacuum tube used with a capacity of 
c.000§ mf. and a resistance of one meg- 
ohm will cover the desired frequency 


range of from seven hundred to eight 


thousand cycles per second. 

The appearance of an oscilloscope 
pattern without and with the relaxa- 
tion oscillator is illustrated in Figure 
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(a) (b) 


Fig. 3—The oscilloscope pattern (a) is 
changed to that shown at (b) when the relax- 
ation oscillator is applied, thus indicating 
in this case that the oscilloscope spot is 
actually rotating in a clockwise direction 


3a and 3b, respectively. The direction 
of motion of the spot in this particular 
case was clockwise. 

Because of its simplicity and adap- 
tability it is felt that this method of 
determining the direction of motion of 
a cathode ray oscilloscope spot may be 
applicable to a wide variety of circuits. 


Texas Centennial Exposition 


This Exposition, to be held in Dallas from Fune 6 to 
November 29, will commemorate the hundredth anniversary 
of Texan independence. Arrangements for a Bell Tele- 
phone System exhibit have been made by the American 
Telephone and Telegraph Company. Operative exhibits of 
apparatus are being prepared in Bell Telephone Labora- 
tories. The Southwestern Bell Telephone Company will be 

responsible for the operation of the exhibit. 
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Sound System for Program Distribution 


By W. A. MacNAIR 
Special Products Department 


ROGRAM sound systems are 

now installed in many modern 

hotels and schools as well as in 
industrial plants to provide facilities 
for distributing speech and music, 
radio broadcasts, and phonograph 
records throughout the building from 
some central location. For convenient 
and effective control of such installa- 
tions a compact integrated unit is re- 
quired. This need is fulfilled in the new 
program sound system recently de- 
veloped by the Laboratories. It com- 
prises a radio receiver, a disc phono- 
graph for lateral-cut records, and 
three microphone input circuits. These 
are all housed in a single cabinet with 
amplifiers, a monitoring loud speaker 
and the necessary control switches to 
distribute the program to any one or 
more of sixty loud speakers located in 
different parts of the building. One 
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key panel with twenty room switches 
is shown in the illustration but the 
system is designed to accommodate 
three such banks of keys. Two ampli- 
fiers are normally provided so that 
two independent programs can be 
handled simultaneously, but if only a 
single program channel is desired one 
amplifier will suffice. | 
Signals from any of the above men- 
tioned sources may be connected to 
the input of either or both amplifiers. 
The loud speaker in any room may be 
connected to the output of either 
amplifier or turned off by means of a 
three-position key on the switching 
panel. All of the small room loud 
speakers can be thrown onto the out- 
put of one amplifier by a switch on the 
control panel for emergency announce- 
ments. This changeover is effective 
for all of the small speakers regardless 
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of whether they are connected to one 
or the other channel or turned off. If 
desired, all of the loud speakers in 
large rooms, or auditorium speakers in 
the case of a school installation, may 
be connected to the output of the 
amplifier used: for emergency an- 
nouncements regardless of the posi- 
tion of the room keys associated with 
them.* A talk-back feature has also 
been included in this equipment so 
that by throwing the talk-back switch 
the school principal may monitor the 
educational program being pursued 
in any classroom. To do this the loud 
speaker in the classroom is used as a 
microphone and the sound is heard 


*About one minute is required to heat the tubes 
after the system has been turned on but if instan- 
taneous response is required this can be had by 
leaving the power on the amplifier continuously. 


Fig. 1—The new program sound system 
comprises a radio receiver, a phonograph 
and three microphone input circuits 
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Fig. 2—The two amplifiers, and radio set 
are mounted on shelves which slide out from 
the back of the cabinet for adjustments 


from the monitoring speaker in the 
cabinet. By equalization this talk- 
back circuit has been made to give 
good speech quality. The monitoring 
loud speaker in the cabinet may also 
be used as a microphone, and is equa- 
lized for this purpose when announce- 
ments are made from the cabinet in 
cases where it is not de.‘red to take 
the time to attach a high quality 
microphone to the system. 
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A front and a rear view of the 
equipment are shown in the illustra- 
tions. The monitoring loud speaker is 
located behind the grill at the top of 
the cabinet. Directly below are the 
room loud speaker keys. The input 
switches and gain controls associated 
with both channels are shown at the 
right of the dial of the radio receiver 
which is in the middle of the panel. 
Below the dial are the five knobs for 
the radio receiver adjustments and 
above it is the radio tuning meter 
which is used to adjust for maximum 
signal reception. To the right of the 
tuning meter is a volume indicator 
meter and to the left is the emergency 
call key. On the left-hand side of the 
control panel are the power switches 
and pilot light, a switch to put the 
monitoring loud speaker on either 
channel and a gain control for this 
speaker, another switch to connect 
the volume indicator to either channel 
and other switches for special func- 
tions. Below the control panel is a 
slide to provide desk space for the use 
of the operator. 

The radio receiver is a high-fidelity 

superheterodyne of new design with 
band-width adjustment in the inter- 
mediate stages and tone control. Pro- 
vision is also made to receive short- 
wave signals for foreign reception or 
from police and aircraft radio and 
amateur stations. The receiver is 
mounted on runners so that it can be 
- pulled out readily from the rear of 
the cabinet. 

The disc reproducing equipment 
has a phonograph turntable and pick- 
up of commercial design. It is equipped 
with a two-speed hysteresis type 
motor and rotates at the rate of either 
78 or 33 r.p.m. so that both ordinary 


and theatre sound records can be re. 
produced. This phonograph is located 
in a drawer which can be pulled out 
from the front of the cabinet. 

The system is designed for the new 
Western Electric non-directional mi- 
crophone* but any good quality trans- 
mitter with low impedance which does 
not require a separate current supply 
can be used. 

The two amplifiers are housed in 
the space below the drawer which 
holds the phonograph reproducer and 
are mounted on shelves which can be 
withdrawn from the rear of the cabi- 
net on runners like the radio set to re- 
place tubes and make adjustments. 
They were developed specially for this 
system, each having about 105 db 
gain and a nominal power output ca- 
pacity of 20 watts, but a maximum 
output of 30 watts can be attained 
with some distortion. The total out- 
put of 60 watts from the two ampli- 
fiers will ordinarily not be required, 
but the large reserved power available 
will be useful on occasions such as for 
athletic-field announcements. 

The loud speakers in the small 
rooms have permanent magnet fields 
which are an advantage when they 
serve as microphones for the talk- 
back feature. The auditorium loud 
speakers employed are of the electro- 
magnetic type. 

The convenience and versatility of 
the program sound system will rec- 
ommend its use not only in places 
which have at present no reproducing 
system but for many schools, hotels, 
department stores and _ industrial 
plants now incompletely equipped 
with one or more of the features 
which it incorporates. 

*Recorp, October, 1935, p- 34- 
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Thrift 


By F. D. LEAMER 
Personnel Department 


HE inclusion of comments on 
thrift in these pages, which are 
devoted primarily to recording 
the technical developments of the Lab- 
oratories, has been prompted by the lack 
of importance which is frequently at- 
tached to this subject. Experience has 
shown that often individuals, including 
technical and other members of the Lab- 
oratories, die or reach the age of retire- 
ment, or are faced with an economic crisis, 
without having made adequate provision 
within their means to meet these eventu- 
alities. Thrift when practiced systemati- 
cally is also of value because it contributes 
to one’s feeling of security and that in 
turn encourages one to take initiative and 
assume leadership in daily activities. 
Almost everyone recognizes the need 
for care and wisdom in the economic man- 
agement of his resources, to provide pro- 
tection for his dependents and freedom 
from old age dependency for himself. In 
the style of Mark Twain’s comment on 
the weather it might be said, however, 
that everyone is talking about thrift but 
few people are doing anything about it. 
There is always a tendency to indulge in 
expenditures which give present enjoy- 
ment without much attention to the 
future; but this so-called carefree attitude 
actually breeds worry and care and is 
partially responsible for the large portion 
of dependents among elderly people. 
Statistics compiled in 1929 by the New 
York Commission on Old Age Security 
show that of 603,700 persons then in New 
York State who were 65 years oid or over, 
approximately 54 per cent were depen- 
dent for their maintenance upon friends, 
relatives or organized charity; 28.5 per 
cent were still earning their living; 10 per 
cent were self-dependent by virtue of 
public or private pensions; and only § per 


cent were financially independent as a 
result of incomes presumably built up 
from savings and investments. This 
analysis by an impartial commission is 
cause enough for anyone to give personal 
consideration to his own prospective 
status and that of his dependents. 

In considering the future it should be 
remembered that in the pay envelope of 
any employee there are two incomes. One 
income belongs to the man he then is and 
to the dependents he then has; the other 
belongs to the old man he will some day be 
or to the dependents who survive him. | 
Unfortunately these incomes are not ear- 
marked, so that without being aware of it 
the young man slips across the dividing 
line and spends the old man’s money. _ - 

The problem is to find a plan which will 
take the old man’s dollars out of the 
young man’s pocket, keep them out, ap- 
preciate them at interest, save them care- 
fully and send them ahead to be waiting 
surely and certainly for the time when he 
has become an old man. Governments 
may attempt to solve this problem 
through the medium of social-security — 
legislation, but few believe that legislation 
can ever take the place of individual 
thrift as a means - attaining indepen- 
dence in old age. Industries initiate plans 
for employees’ pensions, disability bene- 
fits and death benefits to encourage and 
supplement, but not to supplant, indi- 
vidual thrift programs. The subject of 
economical management, therefore, re- 
mains paramount to those who desire 
future security as well as present comfort. 

There is, of course, no general formula 
for attaining permanent balanced secur- 
ity, because the financial problems of 
families and individuals vary widely and 
because investments which are safe today 
may not always be secure. Individual or 
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family budgets with provisions for saving 
are useful but many find them trouble- 
some to keep. Everyone, however, who 
has a regular income, no matter how large 
or how small, should find real satisfaction 
in maintaining a definite thrift program. 
The beginning of all such programs must 
be based upon the principle of spending 
less than is earned and of investing this 
difference securely for future uses. 
Experience has shown that few realize 
the importance of a steady income upon 
their peace of mind and freedom from 
worry; or realizing it, they fail to take the 
actions within their powers to assure suit- 
able incomes to the dependents they leave 
through death, or to themselves in their 
old age. This matter of providing an in- 
come for the future is not so much de- 
pendent upon salary rate as upon indi- 
vidual attitude, for it frequently happens 
that those individuals with the smaller 
income who wisely and consistently in- 
vest their savings have the larger income 
at the age of retirement. Reports on in- 
vestments show, however, that generally 
those who earn most are more determined 
to invest their savings with the greatest 
security, while those whose earnings and 
savings are smaller and who therefore 
cannot afford to lose any part of their in- 
come frequently take the greatest risks. 


Life insurance is a good agency for 
thrift because it compels systematic sav- 
ing for payment of premiums. Investment 
in one or more of the various forms of 
standard policies is used by many as a 
means of protecting their families in the 
event of their death and at the same time 
to safeguard old age independence. Life 
insurance is no longer bought on the 
theory that someone may die but for the 
reason that someone must live. The 
amount of money available for such in- 
vestments depends largely upon the indi- 
vidual’s income and his ability to save. 

In their interesting book entitled “The 
Money Value of a Man,” published in 
1930, Dr. Louis I. Dublin and Dr. Alfred 
J. Lotka have pointed out that among 
men in the wage-working population 11 
per cent of the heads of families carry no 
insurance whatever. Of those in this class 
who do carry some insurance 20 per cent 
are insured for less than $500; 35 per cent 
for less than $1000; 70 per cent for less 
than $2000; and only 5 per cent have 
more than $5000. Unfortunate as this 
situation appears to be, it is gratifying to 
know that it is gradually improving and 
wage earners in general are coming to 
have a healthy feeling of responsibility 
for the welfare of their dependents and 
for their own old age independence. 


In the Laboratories many have found it convenient to use the payroll deduction plan 
for depositing their savings regularly in banks or for paying life insurance premiums. 
Others, of course, prefer to develop and use their own plans for systematic saving. The 
Payroll Department reports that as of December 31, 1935, there were 537 members of 
the Laboratories depositing savings in a total of 120 banks; 579 were paying premiums 
on a total of 871 insurance policies; and 37 were paying premiums on a total of 49 
retirement annuities under the provisions of the payroll deduction plan. 

Members of the Laboratories who desire information regarding systematic thrift 
programs designed to meet their individual needs are invited to confer with F. 8. 
Edwards of the Personnel Department in Section 1-H of the West Street Building 
(Extension 251). Forms authorizing payroll deduction for savings may be had by 
calling G. A. Brodley in the Payroll Department (Extension 649). Information con- 
cerning any phase of life insurance and the payroll deduction plan for payment of 
premiums may be had, without obligation, from the Laboratories’ insurance counselor, 

Lloyd H. Bunting, in Room 144 of the West Street Building (Extension 264). 


The distillation apparatus shown in the foreground is used in the chemical laboratories 
to purify volatile liquids 
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News of the Month 


Museum oF SCIENCE OPENS 
AT ROCKEFELLER CENTER 


Dr. JEwETT, as president of its board of 
trustees, officiated at the formal dedica- 
tion of the New York Museum of Science 
and Industry in its new home at Rocke- 
feller Center on February 11. In his open- 
ing remarks Dr. Jewett said that past ex- 
perience with a dynamic museum has 
demonstrated an intense desire, on the 
part of thoughtful men and women with- 
out training in science, for a better under- 
standing of the fundamental principles 
and inherent limitations of science when 
it is applied to the everyday arts of living 
and of government. 

In the new Museum, Dr. Jewett said 
that he and his associates had planned ex- 
hibits that would quickly and accurately 
show that the apparently disconnected 
advances in science are in reality inti- 
mately related parts of a common science 


Dr. F. B. Fewett and Dr. Albert Einstein at the opening of 
the Museum of Science and Industry in Rockefeller Center 
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and that they all conform to and spring 
from a relatively few concepts. In addi- 
tion, the Museum is a place where those 
who would make better craftsmen of 
themselves can learn something of the 
foundations on which that craftsmanship 
is based as well as see from time to time 
current exhibits of its latest products. 

The other speakers introduced by Dr. 
Jewett were Dr. Albert Einstein, Dr. 
H. C. Urey of Columbia and Mayor 
La Guardia speaking in New York; Sir 
William Bragg speaking from London and 
Dr. R. A. Millikan and Miss Amelia Ear- 
hart speaking from California. 

In addition to the regular exhibits in the 
Museum, there are four special demonstra- 
tions, one of which is “Hear Your Tele- 
phone Voice” installed by the Laboratories 
in cooperation with the New York 
Telephone Company. The installation of 
this special exhibit was 
supervised by W. C. F. 
Farnell who also aided 
the Museum in demon- 
strating the Communica- 
tion Exhibits the opening 
night. It is planned that 
these special demonstra- 
tions will be replaced 
from time to time. Other 
communication exhibits 
include step-by-step dial 
telephone, teletypewriter, 
and “Test Your Hearing” 
demonstrations. Several 
interesting models of 
early transmitters, re- 
ceivers and switchboards 
have also been placed on 
display by the Museum 
in the area devoted to 
the communication art. 


Acme 
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ResearcH Directors VIsIt 
THE LABORATORIES 


Directors of research from about 
twenty companies were the guests of the 
Laboratories on January 24. A general 
tour of the building was made during the 
morning and afternoon. Following a 
luncheon in the Conference Room on the 
twelfth floor, the guests were welcomed 
by Dr. Jewett, the nature of our research 
activities was explained by Dr. Buckley, 
and technical talks were made by Harvey 
Fletcher on Analyzing the Waves of 
Speech and Music, by C. J. Davisson 
on Physical and Geometrical Electron 
Optics and by S. O. Morgan on The 
Chemistry of Dielectric Materials. H. B. 
Ely assisted Dr. Buckley; and L. S. 
O’Roark and G. F. Fowler acted as 
guides for the inspection trips. 


ENGINEERS’ LICENSE CoURSE 


As A RESULT of the many requests from 
members of the Laboratories who are de- 
sirous of obtaining a New York State 
professional engineer’s license, the Bell 
Laboratories Club has arranged a course 
of instruction in Structural Planning and 
Design for those anticipating an examina- 
tion in this subject. The course consists of 
sixty hours of instruction divided into 
twenty three-hour weekly sessions. Due 
to the number enrolled for this course, 
two classes were formed of one hundred 
men each, one class meeting on Wednes- 
day evenings and the other on Fridays. 
The first session was on February 7 at 
which time both classes attended. 


CoLLoguiuM 


K. G. Compton presented a paper on 
Electrolytic Valve Action of Anodic Films 
on Metals at the January 20 meeting of 
the Colloquium. He reviewed the litera- 
ture from the earliest experiments per- 
formed by Wheatstone in 1855 down to 
the present, with particular reference to 
the formation and behavior of oxide 
films on metals and presented a critical 
discussion of the various theories which 
have been advanced to account for ob- 
served phenomena. 
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On February 3, R. M. Bozorth spoke on ° 
Recent Developments in Ferromagnetic 
Theories and Materials. He described and 
demonstrated the newest magnetic ma- 
terials and the theories of magnetism 
which account for their behavior. He re- 
viewed Ewing’s theory of 1900, and then 
the modern theories based on the spinning 
electron as the elementary magnetic par- 
ticle. He discussed the atomic structure 
and the crystal structure which are pe- 
culiar to ferromagnetic materials, the 
properties of single crystals, the effect of 
strain on magnetic processes, and the 
mechanism by which changes in magneti- 
zation take place. 


News Nores 

ANOTHER OUTLYING part of the United 
States was brought within reach of Bell 
System telephone subscribers on Feb- 
ruary 20 when the radio-telephone circuit 
to the island of Puerto Rico was opened. 
The service was inaugurated by an ex- 
change of greetings between Secretary of 
the Interior Harold L. Ickes, in Washing- 
ton, and General Blanton Winship, 
Governor of the island, in San Juan. 
Others taking part in the inaugural cere- 
monies included A. S. Prall, Chairman of 
the Federal Communications Commission 
and officials of the Department of the In- 
terior. K. S. McHugh of the American 
Telephone and Telegraph Company was 
in charge of the ceremonies. The tele- 
phone link between the two countries con- 
sists of a short-wave channel between the 
radio-telephone stations of the Bell Sys- 
tem at Miami now handling service to 
South and Central America and other 
West Indian islands, and stations of the 
Puerto Rican Telephone Company, lo- 
cated near San Juan. 

On January 31 approximately ninety 
members and guests of the A.I.E.E. made 
an inspection tour of the Laboratories. 
This trip was one of seventeen that were 
arranged as part of the Winter Conven- 
tion of the Institute. 

NINETEEN MEMBERS of the Labora- 
tories have enrolled in the Spring session 
of the part-time postgraduate study plan 
made available by the Educational De- 
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W. S. BoERcHEL 
on February 5 completed 
thirty years of service in 
the Bell System 


partment to those holding degrees in 
Arts, Science and Engineering. Sixteen 
men have enrolled at Columbia Univer- 
sity, one at Brooklyn Polytechnic Insti- 
tute, one at New York University and 
one at New Jersey Law School. 

THE PHOTOGRAPH of a lighthouse pub- 
lished in the article entitled The Tele- 
photograph Line in the February issue of 
the Recorp was taken by P. M. Mackoff 
of the Research Department. 

THE PRODUCTION of equipment for a 
recently developed theater system was 
discussed by T. E. Shea, J. F. D. Hoge 
and H. Pfannenstiehl with members of 
the Manufacturing Department at Haw- 
thorne. G. Puller also spent some time in 
Hawthorne on this same project. 

R. A. Mitver and H. C. Rusty dis- 
cussed clocks for time-of-day service with 
engineers of the Warren Telechron Com- 
pany at Ashland, Massachusetts. Mr. 
Miller also made an inspection trip 
through the plant of the Submarine Signal 
Company at Boston and visited the West- 
ern Electric Company at Hawthorne to 
discuss sound systems for small theaters. 

W. A. MacNarr demonstrated an im- 
proved program sound system to Graybar 
representatives in Philadelphia, Cincin- 
nati and St. Louis. T. E. Shea attended 
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G. W. FoLKNER 
on February 7 completed 
thirty years of service in 
the Bell System 


L. J. Bowne 
on February 19 completed 
thirty years of service in 
the Bell System 


the demonstration at Philadelphia. While 
Mr. MacNair was in the Mid-West, he 
stopped at Hawthorne to discuss with 
the manufacturing organization work in 
connection with the program sound sys- 
tem, as well as other developments. 

Messrs. MANDERFELD and GARRISON 
of the E.R.P.I. West Coast organization 
have been at the Laboratories to discuss 
new developments in sound recording ap- 
paratus with members of the Special 
Products Department. 

P. H. Pierce attended a committee 
meeting of the Telephone and Telegraph 
Division of the Association of American 
Railroads held in Cleveland. 

G. C. Porter supervised the installa- 
tion of a 5-kilowatt radio transmitting 
equipment at Station WHN, Astoria, 
New York City, for the Marcus Loew 
Booking Agency. 

R. H. Liypsay installed ultra-high fre- 
quency police radio equipments for West- 
field and Morristown, New Jersey. 

J. W. Smiru and G. N. THAYER are at 
present in California in connection with 
radio projects for the Government. 

O. W. Towner supervised the installa- 
tion of a completely a-c operated 5-kilo- 
watt broadcasting transmitter at station 
WSAI for the Crosley Radio Corporation, 
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Cincinnati, Ohio. This is the fourth 
Western Electric broadcasting equipment 
purchased by this customer during the 
last ten years. 

D. B. McKey and W. P. FisHEr visited 
Washington in connection with Naval 
radio projects. 

A. J. CHRisTopHER and M. C. WooLey 
were at Hawthorne for two weeks to dis- 
cuss condenser development problems. 

P. NeILt, at Kearny, discussed prob- 
lems connected with the manufacturing 
of jacks. 

A FIELD TRIAL of buried wire was in- 
spected by R. A. Haislip, C. S. Gordon 
and R. J. Nossaman at Richmond. They 
also went to Point Breeze to discuss the 
development and manufacture of wire for 
rural distribution. 

F. A. Hoyt and A. B. ReyNno ps ac- 
companied by C. F. Keller of the Western 
Electric Company visited the shop of the 
Brooklyn Distributing House in connec- 
tion with modifications being made on 
coin collector housings. 

W. B. Hosss of Hawthorne visited the 
Laboratories to discuss coin collector 
problems with our engineers. 

PROBLEMS CONCERNING subscribers’ sets 
were discussed by W. J. Thayer during a 
recent visit to Hawthorne. 

T. S. Huxuam and G. R. LvM visited 
the Gorham Company in Providence to 
discuss a new method of producing molds 
for plastic materials. 

On January 20, J. R. Townsend pre- 
sented a paper entitled Mechanical Test- 
ing, A Critical Review, before the New 
York Chapter of the American Society of 
Metals at the Hotel Pennsylvania. 

C. H. GREENALL inspected several in- 
stallations of lead-calcium cable sheath 
at Buffalo and Detroit. 

R. Burns and J. J. Martin visited the 
Mack Moulding Company at Wayne, 
New Jersey, in connection with sheet 
phenol fibre. 

C. G. McCormick visited the Auto- 
matic Electric Company in Chicago in 
connection with insulation practices being 
specified on coils for step-by-step relays. 
While in Chicago he also discussed with 
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representatives of the Western Electric’ 
Company manufacturing problems relat- 
ing to ringers and message registers. 

K. K. Darrow spoke on The Newly 
Discovered Elementary Particles at the 
Detroit section of the A.I.E.E. He also 
lectured on Contemporary Theories of 
Magnetism at the University of Michigan 
and at the School of Engineering, Yale 
University. Dr. Darrow has recently been 
appointed a member of the Board of the 
Bartol Research Foundation by the 
Franklin Institute. 

C. J. Davisson presented a paper on 
Electron Optics at a meeting of the West- 
field Science Club. 

T. C. Fry was in St. Louis to attend 
meetings of the American Mathematical 
Society and the Mathematical Association 
of America. He has been appointed vice- 
president of the latter. 

* * * 


MempBers OF THE Laboratories learned 
with regret of the sudden death of J. W. 
Chinn on February 7. Mr. Chinn was 
graduated from Rose Polytechnic Insti- 
tute with the degree of B.S. in Mechanical 


JF. W. Chinn 


Engineering in 1930. He immediately 
joined the Systems Development Depart- 
ment but transferred, two months later, 
to the Transmission Instruments Depart- 
ment of the Research Department. Here, 
for two years, he was concerned with the 
development and improvement of electro- 
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mechanical recorders for sound on disk 
and with the development of apparatus 
for blind flying. Since 1932, he had been 
with the transmitter groups and had 
worked on development problems relating 
to the handset transmitter and on ana- 
lytical design studies of transmitters, re- 
ceivers and handsets. 
* * * * * 


AT A MEETING of the Radio Colloquium 
held at the Deal Radio Laboratories, 
S. O. Morgan spoke on The Interpretation 
of Dielectric Behavior in Terms of Chemi- 
cal and Physical Structure. 

Tue Nationa BurEAU OF STANDARDS 
at Washington was visited by A. E. 
Schuh, E. W. Kern and C. H. Prescott, 
where they discussed gas analysis. 

B. L. CLarke and L. A. WoorTeN were 
in Philadelphia to inspect new recording 
equipment being manufactured by the 
Leeds and Northrup Company. 

C. C. Hipxins and H. E. Van Sic.ten 
made several trips to the Queensboro 
Plant of the Western Electric Company 
in connection with wood finishing studies. 

R. M. Burns spoke on Corrosion and 
Its Prevention at meetings of the Syra- 
cuse, New York, and the Springfield, 
Massachusetts, sections of the American 
Society for Metals. 

Harvey FL LercHer spoke on The 
Science of Speech and Hearing before the 
Clio Club at the meeting held in the 
Hotel Astor on January thirteenth. 

THE ANNUAL DINNER of the Chemical 
Department was held on January 17 at 
the Roger Smith Broadmoor Restaurant 
in New York City. The toastmaster was 
B. L. Clarke who introduced R. R. Wil- 
_liams, R. E. Waterman and A. H. White 
as the speakers of the evening. 

R. M. Bozortu addressed the Western 
Pennsylvania Section of the A.I.E.E. at 
Sharon on The Present Status of Ferro- 
magnetic Theory. He later gave the same 
address before the Pittsburgh Section. 

S. F. Butter and W. H. Marruies 
were at Hawthorne to discuss questions 
in regard to the crossbar program. 

L. J. Sracy and C. W. Hattican spent 
several weeks in Chicago making field 
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tests of the newly developed subscribers’ 
party line sets employing gas-filled tubes, 

R. O. Rippere spent a week in Albany 
making tests of proposed repeater modi- 
fications that permit extension of the 
range of trunk circuits. 

F. B. Biake was in Chicago for three 
weeks making tests on a cordless switch- 
board which provides for position hunting. 

E. C. Mouina spoke on Probability in 
Engineering at a joint meeting of the 
Chicago section of the American Insti- 
tute of Electrical Engineers and the Elec- 
trical section of the Western Society of 
Engineers. He also attended the winter 
meeting of the American Association for 
the Advancement of Science at St. Louis, 
Missouri, where he was elected a Fellow of 
the Institute of Mathematical Statistics. 

A trip To Pittsburgh was made by 
L. A. Gardner, A. D. Knowlton, F. J. 
Singer, E. M. Smith and E. F. Watson 
and representatives of the Long Lines De- 
partment and Operating and Engineering 
Department to obtain comments on im- 
proved TWX operating room arrange- 
ments which are now on trial. They also 
investigated the operation of circuits 
which furnish service to teletypewriter 
subscribers located remotely from the 


central office. 
* * * * * 


W. M. Beaumont, who received a 
five-star service emblem on the sixth of 
February, entered the Bell System in 
IgII as substation installer in Philadel- 
phia with the Bell Telephone Company of 
Pennsylvania. After spending a short 
time in the Installation Department he 
transferred to the Maintenance Depart- 
ment where he was wire chief of several 
offices in the Main Line District of Phila- 
delphia and later special inspector in the 
Main Line and West Philadelphia Dis- 
tricts. During this time he attended the 
night school of the Drexel Institute of 
Philadelphia, graduating in 1913. He re- 
mained with the Pennsylvania Company 
until 1919, when he joined the technical 
staff of Bell Telephone Laboratories, at 
that time the Engineering Department of 


the Western Electric Company. Here with 
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W.M. Beaumont 


the Circuit Laboratory he has partici- 
pated in the development of manual 
central offices and private branch ex- 
changes. At the present time he is en- 
gaged in the design of manual and dial 
PBX’s and of key equipments. His most 
recent work has been the development of 
a new private branch exchange utilizing 
the crossbar switch. 
* * * * * * 


R. P. MacLaren, who completed 
thirty years’ service with the Bell System 
on the ninth of last month, joined the 
Central Union Telephone Company in 
1903 at Toledo, Ohio. He spent several 
years installing central office equipment 
throughout the state and then went to 
Montreal for a short time with the North- 
ern Electric Company on central office 
engineering. He then left the company 
and later went, in 1908, with the Toledo 
Home Telephone Company, doing PBX 
installation work. A year and a half later 
he entered the Engineering Department 
of the Western Electric Company at 
Hawthorne where he prepared specifica- 
tions for various types of central office 
equipment. He transferred to the equip- 
ment engineering group at West Street in 
December, 1917, where he worked on the 
equipment design of the Metropolitan 
tandem-toll board and early panel central 
offices. He had charge of the preparation 
of apparatus and framework require- 
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R. P. MacLaren 


James Barton 


ments for the first 84,000 lines of panel 
equipment and for a typical 10,000-line 
office, and was responsible for keeping this 
information up-to-date. For the past ten 
years he has been engaged in apparatus 
studies and in special investigations in 
the Systems Development Department. 
* * * 


ON THE FIFTEENTH of last month a 
five-star emblem was conferred on James 
Barton, signalizing his completion of 
twenty-five years of service in the West- 
ern Electric Company and the Labora- 
tories. He entered the service department 
of the Western Electric as a porter in 1911 
but soon transferred to the packing de- 
partment. A short time before the United 
States entered the World War he was 
brought back to the building service 
group as a watchman at the time the 
guard service throughout the West Street 
building was greatly augmented. Early in 
1918 he left the company to join the U. S. 
Navy where he served as a seaman for 
nearly a year and a half. Since his return 
to the company, Jim, as he is familiarly 
known throughout the Laboratories, has 


been a watchman and elevator operator. 
* * * * * 


H. B. Noyes spent a few days in Rich- 
mond studying noise and cross-talk condi- 
tions in the buried rubber-covered wire re- 
cently installed by the Chesapeake & Po- 
tomac Telephone Company of Virginia. 
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J. Matterr has gone to Lamar, Colo- 
rado, where he will be associated .with 
E. S. Wilcox and J. L. Lindner in tests of 
noise and cross-talk on open-wire lines at 
high frequencies. 

E. S. Witcox went from Lamar, Colo- 
rado, to Dallas, Texas, to confer with 
engineers of the Southwestern Bell Tele- 
phone Company about open-wire line 
changes which are to be made for 
experimental purposes on a section of line 
near Fort Worth. 

H. P. Lawruer, Jr., from St. Louis, 
General Transmission and Protection 
Engineer of the Southwestern Bell Tele- 
phone Company, who was in New York 
during the A.I.E.E. Convention, con- 
ferred with Laboratories’ engineers about 
high-frequency noise and cross-talk tests 
on the lines of his company. 

Joun Mitts and M. B. Lonc were in 
St. Louis and Dallas furthering plans of 
the Bell System Exhibit at the Texas 
Centennial Exposition. 

An ENG.IsH edition of 4 Fugue in 
Cycles and Bels, a book written by John 
Mills, has been issued by Chapman and 
Hall, Ltd., of London. 

DuRING THE LATTER part of January, 
K. E. Gould, W. L. Gaines, G. Wascheck 
and J. H. Harding left for Jennings, 
Louisiana, to continue the field tests of 
mutual impedance between grounded 
circuits under d-c transient and steady- 
state a-c conditions. These tests are a con- 
tinuation of those conducted at two loca- 
tions in Georgia in 1935 and are being 
made at several locations to obtain obser- 
vations for different earth resistivities. 

THE LABORATORIES were represented 


in interference proceedings at the Patent 
Office in Washington by E. V. Griggs and 
T. P. Neville before the Primary Exam- 
iner; W. C. Kiesel and W. L. Dawson be- 
fore the Examiner of Interferences; and 
W. F. Simpson before the Board of 
Appeals. 

J. W. Scumiep recently visited the 
Teletype Corporation at Chicago. 

S. B. Kent appeared before the Board 
of Appeals at the Patent Office. 

DvRING THE MONTH of January patents 
were issued to the following members of 
the Laboratories: 


S. W. Allison B. F. Lewis 
H. M. Bascom F. K. Low 
H. W. Bode B. McKim 
R. Burns R. L. Miller 
T. L. Corwin P. E. Mills 
T. L. Dimond D. Mitchell 
O. A. Friend O. Myers 
D. K. Gannett H. G. Och 
H. C. Harrison A. C. Powell 
W. H. Harvey O. A. Shann 
R. A. Heising E. H. Smythe 
J. P. Laico G. R. Stilwell 
M. E. Strieby 


DurinG THE MONTH of February, sev- 
eral members of the Laboratories received 
four-star service emblems signalizing 
their completion of twenty years of serv- 
ice in the Bell System. In the Apparatus 
Development Department, F. H. Hib- 
bard completed twenty years of service on 
the nineteenth, K. G. Coutlee on the 
twenty-fourth and A. W. Kishpaugh on 
the twenty-eighth; in the Systems De- 
velopment Department, G. C. Cummings 
on the fourth; in the Patent Department, 
H. F. Beck on the twenty-eighth; and in 
the Plant Department, W. E. Harnack 
on the twenty-first. 


A Theory of Shielding 


By S. A. SCHELKUNOFF 


MONG the important and often 
perplexing factors encountered 
in the design of communication 

lines are interference and cross-talk. 
Although any efficient transmission 
line keeps most of its energy to itself 
and under any circumstances gives up 
only small amounts to the neighboring 
lines, yet these small energy transfers 
while not affecting appreciably the 
efficiency of the line may prove very 
annoying as interference. In ordinary 
telephony these troubles are usually 
overcome by “transposing” at inter- 
vals the wires of the communication 
lines, thereby cancelling most of the 
induction effects; but in carrier teleph- 
ony the frequency may be so high 
as to render this method insufficient 
and necessitate the use of shields. 


The problem of shielding is com- 
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paratively simple in principle but ef- 
forts to express the concepts involved 
in quantitative form have long been 
fraught with difficulties. A method of 
approach applicable to solid shields is 
presented here which it is hoped may > 
be helpful, particularly to those ac- 
customed to think in terms of elec- 
trical transmission problems. It is 
based upon the fact that the move- 
ment of energy at right angles to 
communication wires, which is the 
cause of interference and cross-talk, 
follows the same basic laws which 
govern the transfer of energy along a 
transmission line. From this point of 
view an electromagnetic disturbance 
starts from the wires and spreads 
radially outward through the dielec- 
tric surrounding them which consti- 
tutes the first section of the radial 
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transmission line. At the shield the 
electrical characteristics of this line 
suddenly change and another similar 
abrupt change occurs when the shield 
terminates. Outside of the shield the 
radial transmission line extends indef- 
initely into space but very little 


COPPER 


RADIAL IMPEDANCE 


FREQUENCY 


Fig. 1—Radial impedance of all materials 
increases with frequency: the graph for air 
and other dielectrics is a straight line; the 
graphs for magnetic materials, of which only 
one is shown, are curves which have values 
greater than those of air for lower frequen- 
cies, and less for higher frequencies. The 
radial impedance of copper and other non- 
magnetic materials is always less than the 
value found for air 


energy is able to reach this section and 
cause interference if the shield is cor- 
rectly constructed. 

Before applying these ideas to the 
propagation of energy radially let us 
consider the behavior of an ordinary 
transmission line. The voltage and the 
current in this line are in general at- 
tenuated on account of energy dissi- 
- pation. If the line is infinitely long the 
voltage-current ratio is the same at all 
points; this ratio is called the charac- 
teristic impedance. Let us suppose 
that beyond a certain point the given 
line is replaced by a section with a dif- 
ferent characteristic impedance. A re- 
flection will take place at the junction 
between the two lines. In other words, 
when a wave traveling along the line 
encounters a sudden change in the 
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medium of transmission, a wave in 
the backward direction originates at 
the point of discontinuity. The only 
time when there is no reflection js 
when the characteristic impedance of 
the second line equals that of the first 
line, that is, when the impedances are 
matched. Under all other circum. 
stances there will be a reflection and 
the reflection coefficient can then be 
easily calculated from the ratio of the 
two impedances. 

Although the behavior of an electro- 
magnetic wave traveling along a 
transmission line is usually described 
in terms of the voltage and current, it 
could also be expressed as a function 
of the electric intensity £ and the 
magnetic intensity H. The measure- 
ments of voltage and current are so 
easily made, however, compared with 
those of E and un, that the former are 
used exclusively in practice; but when 
we have to deal with radial transmis- 
sion lines which have no wires to 
carry the conduction current, the 
variation of £ and H along a radius is 
all that is available to measure. 

Returning then toa consideration of 
the radial transmission line the electro- 
magnetic disturbance may be thought 
of as originating in a pair of wires and 
spreading radially outwards. This 
actual source can be replaced without 
introducing serious errors by a line 
source midway between the wires. 
The outward progress of the radial 
wave originating from this line source 
can be fully described by an electric 
intensity E parallel to the wires and 
by a magnetic intensity H perpendic- 
ular to both the wires and the radius 
from the line source to the point under 
consideration. The ratio. of E to H 
may be called the radial impedance. 

In a dielectric the radial impedance 
at a point whose distance from the 


axis is p is iwup ohms, provided p is 


March 1936 


4 
of 
| 
| 
q 
4 
j 
| 
| 
| 


Table :\—Experimental data on shielding obtained by W. E. Mougey and his associates in 
the Cable Development group. The last two columns show the remarkable agreement be- 
tween the calculated and experimental values 


MATERIAL THICKNESS FREQUENCY CatcuLaTED Loss MEASURED 
ATTENUATION REFLECTION ‘TOTAL Loss 
mils ke db db db db 

Copper... 16 80 27.6 42.7 43-7 
150 20.7 31.3 52.0 52.1 

18 80 13.3 26.5 39.8 39.8 
150 18.2 29.2 47-4 47.6 

150 12:9 26.1 38.8 38.5 

86 80 22.5 17.5 40.0 40.3 
150 30.8 22.0 52.8 52.3 


short in comparison with the wave- 
length. In metalson the other handitis 


equal to ¥ zwu/g ohms*, unless the fre- 
quency is very low. At low frequencies 
the radial impedance of metals is also 
iwup ohms. The variation of radial 
impedances with the frequency is 
shown in Figure 1. 

In their progress through metallic 
substances radial electromagnetic 
waves are attenuated at the rate a= 


mufg nepers/cm. This attenuation 
is caused by transformation of electric 
energy into heat and is so great, ex- 
cept at very low frequencies, as to 
mask altogether the slight attenua- 
tion due to the divergence of the 
waves.{ In copper w=1.257 (1078) 
and g=5.80 (10 °) so that the attenu- 
ation constant at 10,000 cycles is 
about 15 nepers or 130 db/cm. 

The effectiveness of a shield is due 
in part to this rapid attenuation and in 
part to the reflection occurring at the 
boundaries of the shield because of 
the difference in radial impedances of 


*The quantity i=./—1, w is 2" X the frequency 
f, and w is the permeability in henries/em. In 
vacuum henries/em=1.257 (10-8) hen- 
ries/em. The quantity g is the conductivity in 
mhos/cm. 


tIn perfect dielectrics “attenuation” is due en- 
tirely to the divergence of the waves. 
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the shield and adjacent dielectric. 
Comparing the expressions for im- 
pedances, we see that the reflection 
loss between two metals or two di- 
electrics is independent of the fre- 
quency, but it is not so between a 
metal and a dielectric. As shown in 
Figure 1, the radial impedance of 
copper is very much lower than that 
of air, while the radial impedance of 
iron is at one frequency equal in mag- 
nitude to that of air.* This means 
that while at a certain frequency 
there is practically no reflection be- 
tween iron and air, there will be a very 
large reflection between copper and 
air. Hence, for sufficiently thin shields 
the higher attenuation loss of iron, as 


computed by the formula a= y ty/g, 
may be more than offset by the 
greater reflection loss at copper-air 
boundaries. 

An interesting and at first sight 
curious phenomenon is explained by 
the ratios between the impedances of 
different substances. If a composite 
shield is made of alternate layers of 
copper and iron the effectiveness of 
the shield is very much greater when 


*The phases of the two impedances are different, 
however, so that at this point the reflection loss is 
not quite zero as it otherwise would be if the im- 
pedances were exactly equal. 
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the outside layers are made of copper. 
This is because of the higher reflection 
loss between copper and air, the at- 
tenuation loss being independent of 
the arrangement of layers. 

Another interesting fact is that 
while non-magnetic shields become 
increasingly effective with increase of 
frequency this is not always true with 
magnetic shields. At low frequencies 
magnetic shields are very efficient. As 
the frequency increases they some- 
times become less effective but ulti- 
mately reach a minimum _ beyond 
which they improve again so that at 
sufficiently high frequencies they are 
always better than non-magnetic 
shields. These characteristics are due 
to the manner in which the imped- 
ances mismatch, as previously ex- 


plained. In the case of non-magnetic 
shields the impedances of the shield 
and dielectric are always mismatched 
except for zero frequency and by an 
amount which increases with the fre- 
quency as shown in Figure 1. For 
magnetic shields the mismatch is large 
at low and high frequencies but is 
small at certain intermediate points. 

The method of explaining inductive 
interference and shielding effects in 
terms of the impedance characteristics 
of a radial transmission line as here 
outlined has been tested by extensive 
experiments on shielding carried out 
at the Laboratories by W. E. Mougey 
and his associates. The results show a 
remarkable agreement between the 
calculated and experimental values as 
is shown in the accompanying table. 


Radio Telephone Scores Another Rescue 


Radio telephone apparatus, first made available to vessels off the 
New England coast during the latter part of 1932, has already taken an 
important part in a number of rescues—the most recent being that of the 
crew of the Gertrude M. Fauci on February 12 of this year. This auxil- 
iary schooner is one of several fishing vessels owned and operated by 
Charles M. Fauci, all of which are equipped with the Western Electric 
marine telephone. 

The Gertrude M. Fauci sprung a bad leak off Nova Scotia, and her 

master, Captain Patrick McHugh, called the shore station of the New 
England Telephone and Telegraph Company at Green Harbor over the 
radio telephone, reporting his position and asking for immediate assis- 
tance. Albert F. Coleman, marine Technical Operator at Green Harbor, 
saw from his chart that none of the other vessels equipped with radio 
telephone were in that vicinity, and therefore had a general telegraphic 
SOS sent out through Coast Guard headquarters. 

Within a few hours, the trawler Lemberg of Halifax was standing by 
ready to take off the crew of the Fauci. Captain McHugh placed a final 
call on Green Harbor, reporting the arrival of the Lemberg and that they 
were about to abandon the ship, which was in immediate danger of sink- 
ing. During this last conversation he was standing in two feet of salt 
water and the batteries were partly submerged, but his words still came 

clearly across some 400 miles of the icy North Atlantic. 
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Measurements of Noise on Program Circuits 


By R. S. TUCKER 
Noise Prevention Department 


F undesirable noise were allowed to 

appear on a telephone circuit, not 

only would the quality of the re- 
ception be marred but the range of 
volume that could be transmitted 
would be reduced. Studies are con- 
stantly being made, therefore, of 
means for keeping telephone circuits 
free from appreciable noise. Noise 
measurements are commonly made 
when a circuit is originally set up, and 
from time to time thereafter. 

Apparatus for measuring noise on 
ordinary telephone circuits has been 
available for some time, but it is not 
specifically suited for measurements 
on program circuits. The frequency 
range required to clearly reproduce 
intelligible speech is narrower than 
that required for program circuits, 
which must meet the more severe re- 
quirements of transmitting music 
sufficiently unimpaired in quality to 
retain its aesthetic appeal. As a result 
of this difference in the width of the 
frequency band, apparatus suitable 
for measuring noise on message cir- 
cuits is not in general ap- 


measuring set has been arranged for 
use in other places. 

A combination of amplifier, weight- 
ing network, rectifier, and indicating 
meter is generally employed for noise 
measurements. Without the weighting 
network, such an arrangement would 
indicate the power in the noise cur- 
rents. If currents of many frequencies 
were present, each frequency com- 
ponent would contribute to the total 
reading in proportion to its own power 
content. The same power at different 
frequencies does not, however, result 
in the same disturbing effect. Conse- 
quently any noise measuring appa- 
ratus should include some means of 
“weighting” the different frequency 
components so that their contribution 
to the meter reading will be in pro- 
portion to the disturbing effect they 
produce on reception. This “‘weight- 
ing” is ordinarily done by a network 
which has an attenuation character- 
istic that is complementary to the 
relative effects of the same amount of 
power at the various frequencies. 


plicable to noise measure- 
ments on program cir- 34 © 
cuits. The Laboratories, 10 
veloped apparatus par- #2 

ticularly designed for 
measuring noise on pro- 50100 $00, 1000 


gram circuits. For use in 
telephone test rooms, 


FREQUENCY IN CYCLES PER SECOND 


Fig. 1—Frequency weighting curve for program circuit noise. 

Curve A for circuits transmitting all audible frequencies up 

to fifteen thousand cycles and Curve B for those cutting off 
at eight thousand cycles 


panel-mounted appa- 
ratus has been developed, 
while a portable noise 
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Fig. 2—A. V. Wurmser measures program notse 


with the new apparatus 


Program noise measuring appara- 
tus, used heretofore on a limited 
scale, has employed a weighting net- 
work based on estimated values of the 
relative interfering effects. Before 
standardizing apparatus for use by 
the operating companies, however, it 
-was thought best to make a careful 
investigation supplemented by a series 
of tests to determine just what were 
the relative interfering effects of noises 
of different frequencies on a typical 
person who might be listening in to 
a radio broadcast program. 

These tests were carried out in 
1932-1933 by the Laboratories in co- 
operation with the then Department 
of Development and Research of the 


234 


American Telephone and Tele. 
graph Company. Each ob- 
server in turn was seated in a 
room arranged to simulate 
listening conditions in a rela- 
tively quiet home, and asked 
to adjust his mental attitude 
to that of a listener to a radio 
broadcast program. The pro- 
gram to which he listened car- 
ried a small amount of line 
noise which could be varied in 
volume, and he was asked to 
adjust this noise until it just 
failed to interfere appreciably 
with his enjoyment of the 
radio program. 


Before the test each ob- 
server's hearing was tested to 
make sure that it was normal. 
Special attention was given to 
the hearing at high frequencies, 
since variations in the hearing 
ability of individuals are 
greater at high than at low 
frequencies. In general, the 
high frequency hearing of the 
observers employed was rep- 
resentative of the hearing of 
young people rather than of 
older people, as the hearing ability of 
the latter in this particular frequency 
range is generally poorer. 

To obtain data applying not only 
to the best present commercial pro- 
gram transmission, but also to experi- 
mental circuits covering broader 
frequency range such as the auditory- 
perspective system,* the frequency 
range covered by the observations 
was extended to about 15,000 cycles. 
Within this range observations were 
made with single-frequency noises, 
with noises covering a narrow band 
width, with combinations of single 
frequencies, and with bands of cross- 
induction from speech translated in 
_ *Recorp, May, 1933, p. 254. 
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frequency so as to be unintelligible. 
It seemed likely that the effect of the 
noise would depend somewhat on the 
type of program. The effects of vari- 
ous types of noises were, therefore, 
investigated on four types of program 
material: high-grade orchestral music, 
high-grade violin and piano music, 
jazz, and speech. High-grade music 
was found to have the strictest re- 
quirements, and therefore only noise 
data for programs of this type were 
used to establish the weighting curve. 
A few tests were also made in the 
small hours of the morning when the 
room was quieter, to get an indication 
of the effects of room noise. 

From the results of all these tests 
the frequency-weighting curve shown 
in Figure 1 was derived. Two branches 
of the curve are shown for the higher 
frequencies. That marked B is for 
program circuits cutting off at 8000 
cycles, while that marked a applies to 
circuits transmitting all audible fre- 
quencies. The section of this latter 
curve above 10,000 cycles is shown 
dotted because the data over this 
range were not determined to as high 
a degree of accuracy as that below 
10,000 cycles. 

A circuit that will attenuate in 
conformance with curve B has been 


developed by the Laboratories and a 


schematic of it is shown in Figure 3. 

The unit is designed for use with 

transmission measuring apparatus 

suitable for testing program circuits 

which is already available in the plant. 
The network, which is des- 


formance as was needed for the weight- 
ing network, it was necessary to pro- 
vide two adjustable elements so that 
each weighting network could be made 
to approximate closely the frequency 
characteristic desired. An adjustable 
resistance is used for low-frequency 
adjustments and an adjustable ca- 
pacity for high. Their position in the 
circuit is evident in Figure 3. 

To make a measurement of noise, 
an amplifier is required in addition to 
the weighting network and the trans- 
mission measuring device, because the 
noise currents are materially smaller 
than the program currents normally 
transmitted. A high-grade amplifier, 
known as the J64006B, has been de- 
veloped for this purpose. Where the 
purchase of this amplifier may not be 
warranted because of the small num- 
ber of noise measurements to be 
made, one of the standard line ampli- 
fiers used in Bell System program cir- 
cuits may be employed with some 
sacrifice in the range and accuracy of 
the measurements. By properly set- 
ting the adjustable resistance and ca- 
pacity already referred to, and by 
short-circuiting the input resistance 
shown in Figure 3 when a standard 
line amplifier is used, the 4B weight- 
ing network may be used with either 
type of amplifier. 

Models of the 6B amplifier and 4B 
weighting network are shown in Fig- 
ure 2. The amplifier is the top ap- 
paratus unit on the bay; the small 
panel below it is the network; below 


ignated the J64004B Program 

Frequency Weighting Net- 4 

work, has been made as inex- 

pensive as possible by building " a 

it mainly of elements already | | 


standard. Since the previous 
use of some of these parts did 
not require as exacting per- 
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Fig. 3—Circuit schematic of frequency-weighting 
network for program circuit noise measurement 
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this is a 1A amplifier-rectifier used as 
an indicating device. 

In addition to this panel-mounted 
apparatus, a circuit for measuring 
program noise has been included in a 
recently developed portable noise- 
measuring set of the visual indicating 
type, designated the 2-A Noise Meas- 
uring Set. This set is complete in itself 
and does not require the use of any 
amplifier or transmission measuring 
set. The frequency weighting is ob- 


tained largely from the characteristic 
of the amplifier in the noise measuring 
set, so that only a small amount of 
shaping is required in the supple- 
mentary network used to obtain pro- 
gram weighting. This arrangement 
has other advantages, such as ability 
to measure a wide range of noises, and 
high balance to ground as a safeguard 
against effects of voltages between 
ground and the metallic circuit on 
which the noise is being measured. 


V. E. Rosene of the Systems Development Department displays the 

inner mechanism of the pilot-wire controller used for transmission 

twist regulation on cable-carrier telephone circuits. This equipment 

corrects for the change in attenuation in a frequency band caused 

by temperature variations of the cable. An associated equalizer 
switch box is shown above the controller 


HE Bell System ideal, that 
satisfactory conversation be 
possible at all times between 
any two telephones in the system, re- 
quires that every part of the plant be 
maintained continuously at high trans- 
mission standards. To assure this con- 
dition, routine transmission measure- 
ments of both local and toll circuits 
have been carried out as a regular 
part of plant maintenance work for a 
number of years. These tests are made 
by applying a known amount of 
. power at one end of a telephone cir- 
cuit and measuring the power re- 
ceived at the other end. 

Heretofore the circuits of the local 
plant and the shorter toll circuits, 
which do not require very frequent 
checking, have been tested at inter- 
vals by travelling transmission testing 
forces, while the toll plant, with its 
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Improved ‘Transmission-Measuring System 


By F. H. BEST 


Toll Transmission Development 


large groups of long and complex cir- 
cuits which demand more attention, 
has been handled chiefly from trans- 
mission test boards installed in termi- 
nal and intermediate offices. The de- 
velopment of a new and relatively in- 
expensive transmission-measuring sys- 
tem will now make it practicable to 
place the local plant and the small toll 
office on the same basis as the large 
toll installations. A further advantage 
of the new system is that tests on 
interoffice trunks can be made by an 
attendant in one office without calling 
for the special assistance formerly re- 
quired from the office at the other end 
of the circuit. 

The new system resembles other 
modern transmission-measuring sys- 
tems in general principles. Measure- 
ments of the transmission loss caused 
by a telephone circuit are made by 
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supplying the standard testing power 
of one milliwatt at 1000 cycles to one 
end of the circuit and measuring the 
power received at the other end. The 
transmission loss is indicated on a 
meter at the receiving end in terms of 
the ratio, expressed in decibels, of the 
power received to that sent out. The 
novel feature of this new system con- 
sists in having the testing power ap- 
plied to the sending end of the circuit 
by direction of the tester at the re- 
ceiving end who simply calls or dials a 
designated number over the circuit to 
be tested. The testing power is cut off 
at the sending end when the connec- 
tion is broken at the receiving end. 
Tests can also be made in the same 
manner from private branch ex- 
changes and subscriber stations with- 
out a charge being registered against 
the subscriber. 

Testing power is generated by a per- 
manent-magnet _inductor-alternator 
which is driven by an induction motor 
from the commercial 60-cycle power 


Fig. 1—Current for transmission tests on telephone 

circuits is generated by a small permanent-magnet 

inductor-alternator driven by a motor which is directly 
connected to the 60-cycle power supply 
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supply. This unit is shown in Figure 1, 
The generator output is connected to 
terminals at one or more points in an 
office through a distributing circuit 
which supplies one milliwatt to each 
point up to a total of 150. The load on 
the generator is maintained constant 
by having each testing point normally 
terminated by a resistance approxi- 
mately equal to the impedance of the 
circuit. This resistance is removed 
during a test. The motor speed 
changes slightly with changes in 
power-line voltage and frequency, 
thus causing a corresponding change 
in both the generated test frequency 
and power, but for practical speed 
changes the power supply to all testing 
points can be maintained effectively 
constant. The motor-generator is 
mounted on a relay-rack panel, which 
contains the distributing circuit and a 
relay for remote starting and stopping 
of the motor. When no tests are being 
made the motor-generator is not in op- 
eration, so that power is consumed only 
when testing. The circuit ar- 
rangements for connecting the 
testing power to interoffice 
trunks, subscribers’ loops, 
switchboard cords, etc., are in- 
stalled on two small panels 
called the cord test line unit 
and the trunk test line unit. 
Two  transmission-measur- 
ing sets have been developed 
for use at the receiving end. 
One is intended for large of- 
fices and the other primarily 
for subscriber stations, private 
branch exchanges, and other 
small offices where the expense 
of the larger set cannot be 
justified. The larger set is 
shown in the photograph at 
the head of this article, with 
H. L. Weisler observing the 


meter. This set has a transmis- 
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sion range of 25 decibels and a fre- 
quency range from 300 to 4000 cycles. 
It is equipped with an amplifier and 
rectifier which operate on the 60-cycle 
commercial power supply but it can 
also be arranged to operate on direct 
current when alternating current is 
not available. Jacks are provided for 
conveniently connecting cord circuits 
and trunks for test and also for 
plugging in a dial in order that the 
generator at the sending end may be 
added to the circuit by dialing from 
the measuring set. 

The smaller receiving set, shown in 
Figure 2, whose total weight is only 
28 ounces, has no amplifier and conse- 
quently requires no external power 
supply for its operation. The trans- 
mission range is 10 db and the ac- 
curacy of measurement is somewhat 
less than that of the larger set, but the 
frequency range is the same. A copper- 
oxide rectifier is provided to convert 
the alternating current used in testing 
to direct current since the meter is a 
sensitive d-c instrument. A trans- 
former mounted inside of the carrying 
case serves as a holding coil for operat- 
ing supervisory signals. 

The development of this new low- 
cost transmission measuring system 
will be of greatest benefit to the local 


Fig. 2—A small receiving set has been de- 
veloped to measure the transmission loss of 
subscribers’ lines. By calling a designated 
number, P. F. Fones has automatically con- 
nected the 1000-cycle generator to the other 
end of the line and is about to read the meter 


plant and small toll office by placing 
at their disposal transmission-measur- 
ing facilities previously available only 
to the large toll plants. 
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An Inexpensive Thousand-Cycle Generator 


By R. D. p—E KAY 
Equipment Development 


LTERNATING current of 
small but constant output and 
relatively constant frequency 

is required in transmission tests which 
are made at regular intervals on tele- 
phone lines to assure that they are 
functioning properly. The standard 
testing power for this purpose is one 
milliwatt at a frequency of one 
thousand cycles per second. It is sup- 
plied in large toll offices by panel 
mounted oscillators requiring storage 
batteries for operation; but this ar- 
rangement will not operate from the 
power available in local offices and the 


Fig. 1—The thousand-cycle generator is a 
permanent-magnet inductor-alternator 


development of a small portable mag- 
neto driven by a 115-volt 60-cycle 
alternating current motor which would 
be easily attachable to commercial 


power lines was therefore undertaken. . 
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The machine in practical form is 
shown in Figures 1 and 2. It consists 
essentially of a permanent-magnet in- 
ductor alternator, which is attached 
to the end shield of a self-starting in- 
duction motor of the two-pole split- 
phase type. The alternator is housed 
in a rectangular structure which con- 
tains permanently magnetized bars of 
cobalt steel mounted in a composi- 
tion cage. Projecting into the center 
space of this structure are pole pieces 
on which are mounted the coils in 
which the thousand-cycle output of 
the alternator is induced. Between 
these coils and mounted on the shaft 
extension of the motor is a laminated 
iron rotor on the periphery of which 
are cut seventeen scallops or teeth. 
When two opposite teeth are in line 
with the poles the air gap is a mini- 
mum and the flux through the coils is 
a maximum. As the rotor moves, the 
space between teeth comes in line 
with the pole pieces, thereby increas- 
ing the air gaps and reducing the flux. 
It is this periodic change in flux 
through the coils which develops the 
alternating current. The frequency is 
determined by the speed of the motor 
and the number of teeth on the rotor. 
The leads from the coils, which are 
connected in series, are brought out 
through an insulating terminal block 
attached to the magnet structure. Re- 
sistor pads are provided so that either 
the full load, which is approximately 
one-half watt, can be used, or the out- 
put can be limited to the one milli- 
watt required in transmission testing. 
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The frequency of one 
thousand cycles per 
second is obtained 
when the motor runs 
at about fifty-nine rev- 
olutions per second. 
Unwanted harmonics 
are relatively small in 
amount. Variations in 
the output with speed 
changes in the driving 
motor due to fluctua- 
tions of line voltage 
are so small that no 
rheostat or other ad- 
justing device is re- 
quired. The size and 
power of the motor are 
dictated by the torque 
required to overcome 
the magnetic pull between the teeth 
of the rotor and the pole pieces of the 
permanent magnet rather than by the 
output of the alternator. The input, 
however, is only 35 watts. 

The machine itself weighs less than 
ten pounds. It is furnished, if desired, 
in a carrying case about six inches 
square and nine inches long with a re- 
movable front and equipped with a 
handle on a hinged top. A motor lead 


Fig. 2—Between the inductor coils, which are mounted in a 
rectangular structure on the end of the inductor-alternator, is 
a laminated iron rotor with seventeen teeth 


receptacle base is provided into which 
a portable cord extension, furnished 
with the carrying case, can be plugged. 
Soft rubber grommets placed in holes 
on the motor feet provided cushions to 
damp out vibration. 

It is expected that the use of this 
simple thousand-cycle generator may 
be extended to many other applica- 
tions besides that of testing the trans- 
mission of telephone lines. 
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A Submarine Loading Case 


By J. R. BARDSLEY 
Telephone Apparatus Development 


EAD-covered telephone cables are 
usually carried along pole lines 
or in underground ducts, and 

their loading-coil cases are either 
mounted on poles or installed in man- 
holes. Occasionally, however, loaded 
cables must cross wide rivers or bays, 
and as a result there is a need for sub- 
marine loading-coil cases. A suitable 
case was designed about 1915, and in 
the years immediately following a 
number of them were installed in 
various parts of the country—two of 
them in the Hudson River on a cable 
running from Tarrytown to Nyack, 
which connects central offices in the 
New York metropolitan area to those 
in Rockland County. As shown in the 
map, Figure 1, the river widens at 
this point to about three miles, and 
is known as the Tappan Zee. Some 
time ago, one of the ferryboats which 


run from Tarrytown to Nyack ap- | 
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parently got off her course and dam- 
aged the cable so that extensive re- 
pairs became necessary. 

Since these loading-coil cases were 
designed, loading coils have been im- 
proved and their size decreased. In ad- 
dition, the construction of land cases 
has been considerably modified as al- 
ready discussed in the Recorp*, so 
that it seemed desirable to take ad- 
vantage of the necessity of raising the 
cable to replace the loading units with 
others of more recent design and with 
better transmission characteristics, 
and also to provide cases of more 
recent design. 

The Tarrytown-Nyack cable has 
thirty-seven loaded quads of sixteen- 
gauge paper-insulated conductors and 
twelve pairs of twenty-two gauge, 
which are not loaded. Each quad has 
a phantom and two side-circuit load- 

*Recorp, Fuly, 1931, p. 517. 
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ing coils, which form a loading unit. 
In the original loading-coil cases, 
which have now been replaced, the 
loading units were mounted on four 
spindles and placed within a steel 
shell. End plates, riveted to the shell, 
had holes at the centers through which 
stub cables carrying the connections 
to the coils were passed. A large lead 
sleeve was slipped over the steel con- 
tainer, and lead end-plates were lead- 
burned both to the lead sleeve and to 
the lead sheath of the stub cable to 
form an impervious inner barrier 
against the entrance of water. As 
further protection against water, a 
second lead sleeve was slipped over 
the first, with a separating layer of 
canvas, and similar end-plates were 
lead-burned to the sleeve and cable 
sheath. This assembly was then cov- 
ered with wood strips and enclosed by 
split sections of a heavy iron casting. 

The completed case, including ter- 
minating sections covering the splices 
between stub cables and main cables, 
is shown in Figure 2. Besides provid- 
ing space for the splice, the terminat- 
ing sections provided means for secur- 
ing the steel armoring wires. This ar- 
rangement is shown in the cross-sec- 
tion of Figure 4. The armor wires are 
bent over a cone-shaped casting which 
in turn is drawn into the tapered end 
of the terminating casting. Before 
shipment by the manufacturer, the 
entire loading-coil compartment was 
filled with compound so that all cir- 


Fig. 1—Rockland County is the southern- 
most county of New York State, bordering 
the western shore of the Hudson River 


cuit elements were immersed in com- 
pound and sealed. The completed 
case was sixteen feet long and weighed 
approximately five tons. 

The loading-coil case designed to 
replace the older type is shown in 
Figures 5 and 6. The loading coils, 
which have permalloy dust for the 
cores instead of the iron dust of the 
earlier coils, are assembled in small 
cans, each housing only the phantom 
and two side circuit coils forming a 
loading unit for one quad. Nine of 
these loading units are mounted on 
the face of each of four steel plates— 
thus providing loading for thirty-six 


Fig. 2—The early loading coil case was sixteen feet long and weighed nearly five tons 
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quads. Thethirty- | 
seventh quad as well 
as the twelve pairs are J 
carried through the | 
case unloaded. The 

supporting plates for | 
the loading units are 
mounted on three steel 
rods rigidly fastened to 
two heavy steel head- 
plates. A steel sleeve 
slips over the plate as- 
sembly, and is welded 
to the two head-plates 


to form a water-tight Fig. 3—Temporary spacing bars secure the clamping rings 
housin g. Ni pp les 1 the proper position until after the splice has been completed 


welded in the center of 

the head-plates serve as exits for the 
stub cables, to the sheaths of which 
they are soldered. 

The steel case itself is covered with 
layers of cloth and with the asphalt 
compound usual for underground 
cases, and over all is placed a covering 
of wood strips to protect the coating 
during transit and installation. This 


wood lagging is held in place by two 
steel bands, which also serve for lifting 
the case and lowering it in the river. 

Terminating sections for housing 
the splices are also provided as for the 
earlier cases, and consist of steel cyl- 
inders with flanges welded on one end 
which bolt to the head plates of the 
main case. At the outer end of the 
terminating section a plate is pro- 
vided which is welded to the cylinder. 
Two steel rings, just inside the end 
plate, clamp the armor wires and se- 
cure them rigidly to the loading case. 
Set screws are provided by which 
these clamping rings may be adjusted 
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Fig. s—The new submarine loading coil case ready for installation 


in position with respect to the end of 
the splicing compartment so as to 
allow the tension, which is carried by 
the armoring, to be transmitted to the 
steel housing rather than to the lead 
cable and splice. This arrangement is 
shown in Figures 3 and 6. As the final 
step in assembly, the terminating sec- 
tion is filled with sealing compound, 
which flows around the armor clamp- 
ing assembly and both completely 
seals the chamber and protects the 
iron wire from corrosion. The termi- 
nating section and other exposed de- 


tails are heavily galvanized to prevent 
corrosion, but in addition they are 
covered with hot compound, before 
being lowered into the water, as a 
further protection. 

The new cases are only about half 
as long as the earlier type, and in both 
weight and cost there is nearly an 
eighty per cent reduction. The two 
cases for the Nyack-Tarrytown proj- 
ect were installed in June of last year 
and their light weight and simplicity 
in design proved to be a great ad- 
vantage in the work of installation. 
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Fig. 6—Simplified cross-section of the new case 
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